Low-temperature in-situ growth of high-coercivity Fe-Pt films by Shih, JC
1280 IEEE TRANSACTIONS ON MAGNETICS, VOL. 37, NO. 4, JULY 2001
Low-Temperature In-Situ Growth of High-Coercivity
Fe–Pt Films
Jhy-Chau Shih, Hsin-Hsin Hsiao, Jai-Lin Tsai, and Tsung-Shune Chin
Abstract—FePt films being with high coercivity, large energy
product and corrosion resistance, are highly potential in appli-
cations such as MEMs, ultra-high density magnetic recording,
and others. Much attention has been paid to the preparation of
high quality films at substrate/annealing temperatures as low
as possible to accommodate processing adopted in the manu-
facture of MEMs or sensors. In this study Fe Pt1 thin films
were deposited by DC magnetron sputtering onto Si(100) and
CrMo-seeded glass substrates at a substrate temperature ( )
30 to 600 C with or without further post-annealing. Optimum
magnetic properties of our studied films were obtained at the
Fe53Pt47 composition as-deposited at 300 C. The in-plane
coercivity ( ) is 8 kOe for as-deposited films on both Si(100)
and glass substrates. The films on Si(100) showed a maximum
magnetization ( 2 ) and a maximum energy product of
950 emu/cm3 and 15.8 MGOe, respectively. The squareness
ratio ( r s) of the as-deposited FePt films on glass substrate
increases with increasing . Minor hysteresis loops reveal
that domain-wall-pinning dominates the magnetic hardening of
the FePt films. Post annealing at 400 C substantially enhances
coercivity and energy product for the Fe53Pt47 films on glass
substrate. Ordering parameters were studied by XRD and quan-
titatively correlated to magnetic properties.
Index Terms—Coercivity, Fe–Pt films, ordered phase, ordering
parameter, substrate temperature.
I. INTRODUCTION
THERE EXISTS an ordered phase in the Fe–Pt binarysystem at the atomic ratio 1:1. The ordered phase has
attracted attention for a long time, because of its high mag-
netocrystalline anisotropy energy emu/cm ,
high coercivity, thermal stability K , corrosion
resistance and large energy product. In 1990, Zhang et al.
[1] reported anti-phase boundary (APB) model to explain the
magnetic hardening mechanism of poly-twinned FePt alloy.
They described that anti-phase boundaries cause domain wall
pinning. In 1997, Tanaka et al. [2] reported that residual stress
formed during phase transition might be the cause of high
coercivity. Besides, many researchers paid attention to the
preparation of FePt thin film. In 1992, Yung et al. [3] prepared
FePt films by DC sputtering. The as-deposited disordered films
transformed to ordered phase after annealing at 300 to 650 C.
In 1996, Watanabe et al. [4] used RF sputtering to deposit FePt
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films on water-cooling glass substrate. The films annealed at
600 C showed high coercivity kOe . Cebollada
and Farrow [5], [6] used MBE to prepare epitaxial FePt films.
They had determined the dependence of long-range order on
growth temperature during ultrahigh vacuum co-evaporation of
epitaxial FePt films on Pt/MgO(001). In 1999, Suzuki et al. [7],
[8] used RF sputtering to prepare FePt films with different sput-
tering parameters at heated substrate to avoid post-annealing.
By far the lowest substrate temperature reported for optimal
processing was around 300 C. In this study, FePt films were
prepared using DC magnetron sputtering under different
parameters, and structure-magnetic properties relationship, and
magnetic hardening mechanism were explored.
II. EXPERIMENTAL
thin films were deposited
by DC magnetron sputtering onto cleaned substrates of Si(100)
and CrMo-seeded glass at a substrate temperature 30 to
600 C with or without further post-annealing. A composite
target of a platinum plate with atop iron-chips was used. The
area of iron chips was varied to adjust the Fe–Pt ratio of
FePt films. The base pressure was Torr or better,
the pressure during sputtering was kept at 5 mTorr, and the
sputtering power was 50 W. Phase identification and ordering
parameter of the films was studied at room temperature
using X-ray diffractometry (XRD) with radiation
nm . Magnetic properties of the
films were measured with a vibrating sample magnetometer
(VSM) under a maximum applied field 2 Tesla. Rutherford
backscattering spectroscopy (RBS) was used to analyze the
composition ratio of thin films.
III. RESULTS AND DISCUSSION
The thickness of the films was set at about 500 nm. Optimum
magnetic properties of our studied films were obtained at the
composition as-deposited under different sputtering
parameters. Fig. 1 shows XRD patterns of films sput-
tered at and 300 C, respectively. From Fig. 1 and
other XRD analyses, the super-lattice diffraction (that is the
(110) at ) intensity of the ordered phase increased
with increasing . When is 30 C, the phase is disordered
phase. Fig. 2 shows in-plane and out-of-plane hysteresis loops
of the film sputtered at C on Si substrate.
The specimen is not saturated even at a maximum apply field
2 Tesla. The in-plane , maximum magnetization
and maximum energy product of the film are 8 kOe,
950 emu/cm and 15.8 MGOe, respectively.
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Fig. 1. The XRD patterns ofFe Pt films sputtered atTs = 30 and 300 C.
Fig. 2. Hysteresis loops of a Fe Pt film sputtered at Ts = 300 C on Si
substrate.
Fig. 3 shows the relationship between and (a) coercivity,
(b) squareness ratio . The effect of on ordering pa-
rameter was calculated as shown in Fig. 3. The ordering param-
eter is defined as below [8]:
(1)
Where
is the Miller indices of ordering phase,
is the diffractive intensity of plane,
is the multiplicity factor,
is the Lorentz-polorization factor,
is atomic scattering factor and
is molar ratio, respectively.
At 250 C, the ordering parameter of film is very low; in the
mean time magnetic properties such as and are far
lower then those of the others. This implies that degree of or-
dering directly affects magnetic hardening. When is above
300 C, squareness ratio increases with increasing , but coer-
civity is not. This result is similar to those of Yung et al. [3]
Micro-strain arising from imperfect ordering might be detri-
mental to coercivity.
Fig. 4 shows minor hysteresis loops of a film sput-
tered at a substrate temperature 300 C on a glass substrate.
Fig. 3. The influences of Ts on coercivity (a), and squareness ratio (b).
Fig. 4. The minor hysteresis loops of a Fe Pt film on glass at Ts =
300 C.
Magnetization firstly increases slowly with applied magnetic
field , then rapidly rises as approaches . This re-
veals that domain-wall-pinning is the dominant factor for the
magnetic hardening of the FePt films. In this case the pinning
at the anti-phase boundaries are speculated to play an important
role as being proposed earlier [2].
Earlier reports indicated that ordered phase formed in FePt
films after post annealing. In this study, the effect of post an-
nealing was studied. The results indicated that post annealing
at 400 C substantially enhances coercivity and energy product
for the films on glass substrate compared with those
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Fig. 5. The minor hysteresis loops of a Fe Pt film, being deposited at Ts
300 C and post annealed at 400 C for 2 hours.
annealed at 300 C and 600 C, respectively. The increases
with increasing annealing time and reaches 12.7 kOe upon an-
nealing at 400 C for 2 hours. The is 18.5 MGOe.
These enhancements can be explained by the increase in or-
dering parameter, as was confirmed by the XRD data.
Fig. 5 shows the minor hysteresis loops of a film,
that was deposited at 300 C and post annealed at 400 C for
2 hours. Comparing Fig. 4 with Fig. 5, we observe that mag-
netic hardening is changed in part from domain-wall-pinning
to nucleation-of-reverse-domain type. It might be due to
grain growth during post annealing. Domain-wall-pinning site
decreases with decreasing grain boundary. The interaction
between grains increases as grain grows, and this enhances
magnetocrystalline anisotropy thus increases coercivity.
IV. CONCLUSIONS
FePt films with ordered phase were successfully obtained by
DC sputtering without post-annealing onto Si and CrMo-seeded
glass substrates at a substrate temperature as low as 300 C. Op-
timal magnetic properties of the studied films were obtained at
the composition . The magnetic hardening mechanism
of the as-deposited FePt films being complex and dependent on
ordering parameter, is mainly due to domain-wall pinning.
Post annealing at 400 C substantially enhances coer-
civity and energy product for the films on glass
substrate. The and of post annealed speci-
mens are 12.7 kOe and 18.5 MGOe, respectively. Magnetic
hardening partially changes from domain-wall-pinning to
nucleation-of-reverse-domain after post annealing.
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